Introduction
Major questions relating to the evolution of the Earth's oceans and atmosphere and sedimentary cycling can potentially be resolved by studying isotopic variations of seawater through time. Relatively complete isotopic records now exist for Sr and C and a less well constrained Nd isotope record exists for the past 800Ma. We have developed simple first order models to interpret these records (of. Jacobsen, 1988 suggests that there were two times of very rapid increase in S7Sr/S6Sr (0 Ga and 0.6 Ga), which appear to be caused by high erosion rates. The third event (~0.4 Ga) is, however, not associated with particularly high STSr/SrSr. Thus, there is, in general, a limited correlation between the Sr isotope curve and high vs. low erosional fluxes. The idea that STSr/86Sr predominantly reflects variations in erosional fluxes from the continents thus appears incorrect. The processes operating during the Vendian and Cambrian periods resulted in the largest change observed in S7Sr/SrSr of seawater at any time during Earth history. The resulting jRw Sr curve show a peak at ~585 Ma suggest that part, but not all of the change is the result of a change in S7Sr/S6Sr of the continental flux. In contrast, the Cenozoic change jRw yields a peak at ~5 Ma, appears to be of sr associated with very little change in the Sr isotopic composition of the input to the oceans.
Constraints on variations in organic C burial
The variation of ~13C of seawater (and marine carbonates) over timescales of crustal recycling is controlled both by changes in the global organic C erosion rate and by changes in the rate of C burial (Jb~o~l). To couple the Sr and C cycles it is assumed that the erosion rate for Sr is proportional to that of organic C (i.e. kc~ = kc- erosion of orgamc C and the asterisk (*) denotes the present-day value) 9 Assuming that the rate of recycling of carbonate rocks and sedimentary organic C is equal, it can then be shown that the burial rate of organic C shows a simple relationship to overall erosion rates and secular variations in ~13C:
Here the 513C values of the carbonate (513Ccarb) and organic (513Co~g) C reservoirs are related by the total exogenic carbon isotope value of 513Cte 13 13 -5.5 and A = B C~b-B Corg is considered to be reasonably constant at 28.5. Equations (1) and (2) provide the basis for obtaining changes in erosion (j~w) and organic C burial rates (jb~o~al) as a function of time based on the Sr-, C-, and Ndisotopic records of seawater. The calculated rate of organic C burial depend on the product of the erosion rate and (813 C~arb -5X3Cte) values in carbonates. Thus it is possible to have relatively low 513C values (+ 1 to + 2) in marine carbonates during periods of high organic carbon burial if the erosion rate is very high. We note that the 513C~arb is not a proxy for organic carbon burial rates while Jc _ estimated from (2) is more likely to reflect real glo~aal variations in organic carbon burial rates. A curve for the burial rate of organic C constrained by the C-and Sr-isotopic variations shows a prominent peak at ~575 Ma. In the latest Proterozoic these high erosion rates, likely coupled with high organic productivity and anoxic bottom water conditions, contributed to a significant increase in the burial rate of organic C. The evolution of atmospheric 02 is, in part, controlled by j~.~al. The long-term accumulation of 02 in the atmosphere is primarily due to inputs related to the reduction of C, Fe or S in the exogenic cycle and to burial of these in sediments. For each mole of C buried in sediments one mole of 02 is released to the atmosphere. The Vendian peak in organic C burial coupled with lower fluxes of reducing hydrothermal fluids gave rise to a large increase in 02 in the atmosphere after the Varanger glaciation. The peak in organic C burial at this time is sufficient to generate most of the 02 in the present atmosphere. Several peaks in (jb~_dal) inferred for the Phanerozoic need not cause la'~ge changes in atmospheric 02 levels as they may be balanced by the S-cycle.
